INTRODUCTION
============

The average worldwide life expectancy was 71.4 years in 2015.[@b1-jomes-28-4-271] In the country with the longest life expectancy, the average was 82.3 years, with women living 4.6 years longer than men.[@b1-jomes-28-4-271] More people are interested in living longer and healthier lives without disease. To increase life expectancy and improve health outcomes, physical fitness has become a popular preventative course.

Physical fitness is measured by diverse methods. Handgrip strength is known as an easy way to gauge physical fitness and is a reliable predictor of mortality and disease. A recent meta-analysis reported that older adults with lower handgrip strength exhibited 37% higher all-cause mortality than those with higher handgrip strength.[@b2-jomes-28-4-271] Handgrip strength was also associated with prevalence of chronic diseases, including Alzheimer disease in older American adults, falls in older Chinese adults, and osteoarthritis, depression, diabetes, and multimorbidity in older adults living in Hong Kong.[@b3-jomes-28-4-271]--[@b5-jomes-28-4-271] Korean adults more than 60 years old, who compose about 15% of the country's total population, suffer from several chronic diseases, including rheumatoid arthritis and diabetes.[@b6-jomes-28-4-271] Increased levels of inflammatory agents such as C-reactive protein (CRP) and interleukin-6 (IL-6) are associated with rheumatoid arthritis and diabetes.[@b7-jomes-28-4-271] The cause of rheumatoid arthritis is inflammation of connective tissue, skeletal muscle, and skeletal muscle-related structures. Patients with diabetes have a higher incidence of rheumatoid arthritis.[@b8-jomes-28-4-271] Aging escalates loss of muscle mass, and older adults with rheumatoid arthritis and diabetes often suffer from severely damaged skeletal muscle.[@b9-jomes-28-4-271],[@b10-jomes-28-4-271]

Participating in physical activity has been associated with increased muscle mass as assessed by higher handgrip strength.[@b11-jomes-28-4-271] This may contribute to a reduction in the prevalence of rheumatoid arthritis and diabetes. Depending on physical activity frequency, modality, and duration, the level of handgrip strength achieved could inform guidelines for prevention of rheumatoid arthritis and diabetes in older adults. It is currently assumed that older adults with higher handgrip strength participate in more physical activity and experience less rheumatoid arthritis and diabetes than older adults with lower handgrip strength. This study investigated the relationship between handgrip strength and frequency of participating in walking and strength and flexibility exercises. This study also explored the association between handgrip strength and prevalence of both rheumatoid arthritis and diabetes in older adults.

METHODS
=======

Study subjects, ethics statement, and data access
-------------------------------------------------

Data gathered in 2014 and 2015 by the Korea National Health and Nutrition Examination Survey (KNHANES), a nationally representative survey that employs a stratified multistage probability sampling design, were used for this study. The KNHANES dataset was approved by the Institutional Review Board of the Korea Centers for Disease Control and Prevention (2013-12EXP-03-5C). As researchers used the KNHANES dataset for purposes of this study, further IRB approval was not required. All participants provided written informed consent to the KNHANES, and the dataset did not include any identifying participant information. Participants were randomly selected using household registries based on geographical area, sex, and age. This study had a cross-sectional design, and the participants were adults older than 60 years (n=4,186).

Survey questionnaires
---------------------

A self-reporting questionnaire survey was employed to obtain health-related information, including whether participants had been diagnosed with rheumatoid arthritis or diabetes. Participants were asked, "Have you been diagnosed with rheumatoid arthritis?" or "Have you been diagnosed with diabetes?" Answer options were "yes" or "no." The survey questionnaire also collected information on the amount of participation in walking and strength and flexibility exercises using the questions: "How many days did you participate in walking last week?," "How many days did you participate in strength exercise last week?," and "How many days did you participate in flexibility exercise last week?" Participants selected the number of days per week for each question. Participants were also asked to supply their current smoking status.

Measurements
------------

All participants undertook a 12-hour overnight fast the day before the first measurement. The participants wore light clothing without shoes to measure body weight and height. Body mass index (BMI) was calculated as weight (kg) divided by height squared (m^2^). Waist circumference was measured from the narrowest point around the navel. Systolic and diastolic blood pressure were measured three times by a nurse using a mercury blood-pressure monitor (Hico, Tokyo, Japan), and the three measurements were averaged. Handgrip strength was measured three times on each the right and left hands using a digital grip strength dynamometer (TKK 5401; Takei, Tokyo, Japan). Averages of handgrip strength were used. Blood samples were drawn, centrifuged, refrigerated, and sent to a laboratory to determine levels of plasma glucose, total cholesterol, triglycerides, high-density lipoprotein cholesterol, and low-density lipoprotein cholesterol.

Statistical analysis
--------------------

This study analyzed the data using KNHANES guidelines. Basic characteristics of participants were analyzed by descriptive analysis. Handgrip strength was divided into quartiles. Pearson's chi-square tests were conducted to determine the relationship between frequency of participation in physical activity (including walking and strength and flexibility exercises) and handgrip strength, as well as the relationships between rheumatoid arthritis and diabetes and handgrip strength. Logistic regression analysis was used to investigate any association between handgrip strength and prevalence of rheumatoid arthritis and diabetes. All statistical analyses were performed using IBM SPSS version 23.0 (IBM Corp., Armonk, NY, USA), and the statistical significance was *P*\<0.05.

RESULTS
=======

Participants
------------

The average age of the 4,186 study participants was 69.75± 0.21 years. Basic participant characteristics are listed in [Table 1](#t1-jomes-28-4-271){ref-type="table"}. Of the total participants, 88.5% (n=3,704) were right-handed, 4.6% (n=193) were left-handed, and 6.9% (n=289) were ambidextrous. Participants who had rheumatoid arthritis comprised 2.3% (n=95) of the population, including both males (0.9%, n=17) and females (3.3%, n=78). Diabetes was reported in 16.2% (n=677), consisting of 17.7% (n=320) of males and 15.0% (n=357) of females. Handgrip strength was divided into quartiles. For the right hand in males, the first quartile was less than 29.16 kg, with between 29.17 kg and 34.13 kg for the second quartile, between 34.14 kg and 38.32 kg for the third quartile, and more than 38.33 kg for the fourth quartile. for the fourth quartile. For the right hand in females, the first quartile was less than 16.87 kg, with between 16.87 kg and 20.53 kg for the second quartile, between 20.54 kg and 24.10 kg for the third quartile, and more than 24.11 kg for the fourth quartile. For the left hand in males, the first quartile was less than 29.09 kg, with between 29.09 kg and 33.97 kg for the second quartile, between 33.98 kg and 38.40 kg for the third quartile, and more than 38.41 kg for the fourth quartile. For the left hand in females, the first quartile was less than 16.03 kg, with between 16.03 kg and 19.53 kg for the second quartile, between 19.54 kg and 22.67 kg for the third quartile, and more than 22.68 kg for the fourth quartile.

Amount of physical activity, including walking, strength exercise, and flexibility exercise, according to handgrip strength
---------------------------------------------------------------------------------------------------------------------------

Frequency of participation in physical activity is presented in [Fig. 1](#f1-jomes-28-4-271){ref-type="fig"} (right hand) and [Fig. 2](#f2-jomes-28-4-271){ref-type="fig"} (left hand). Compared with the first quartile, the second, third, and fourth quartiles had higher frequencies of physical activity participation, including walking (1st: 2.83 day/wk, 2nd: 3.57 day/wk, 3rd: 3.90 day/wk, and 4th: 3.71 day/wk, *P*\<0.05 in right hand and 1st: 2.81 day/wk, 2nd: 3.75 day/wk, 3rd: 3.75 day/wk, and 4th: 3.80 day/wk, *P*\<0.05 in left hand), and strength exercise (1st: 0.18 day/wk, 2nd: 0.44 day/wk, 3rd: 0.82 day/wk, and 4th: 1.40 day/wk, *P*\<0.05 in right hand and 1st: 0.22 day/wk, 2nd: 0.51 day/wk, 3rd: 0.73 day/wk, and 4th: 1.43 day/wk, *P*\<0.05 in left hand) and flexibility exercises (1st: 1.17 day/wk, 2nd: 1.89 day/wk, 3rd: 1.95 day/wk, and 4th: 2.08 day/wk, *P*\<0.05 in right hand and 1st: 1.24 day/wk, 2nd: 1.91 day/wk, 3rd: 1.81 day/wk, and 4th: 2.08 day/wk, *P*\<0.05 in left hand) for both the right and left hands based on Pearson's chi-square tests.

Associations of prevalence of rheumatoid arthritis and diabetes and handgrip strength according to sex
------------------------------------------------------------------------------------------------------

The prevalence of rheumatoid arthritis and diabetes in relation to the quartiles of handgrip strength are presented in [Table 2](#t2-jomes-28-4-271){ref-type="table"}. When the first quartile of handgrip strength is considered as a reference, the prevalence of rheumatoid arthritis and diabetes was significantly lower in the second, third, and fourth quartiles after adjusting for age, smoking, and BMI. The greatest reduction (80%; odds ratio, 0.20; 95% confidence interval, 0.10--0.38) in the prevalence of rheumatoid arthritis was in the fourth quartile.

DISCUSSION
==========

This study found that older adults with higher handgrip strength participated more frequently in walking and strength and flexibility exercises. Additionally, older adults with higher handgrip strength had lower rates of rheumatoid arthritis and diabetes than older adults with lower handgrip strength. Thus, it is recommended that patients with rheumatoid arthritis and diabetes participate in walking and strength and flexibility exercises to reduce the risk of chronic inflammation.

Older adults with high handgrip strength participated in more days of walking and strength and flexibility exercises than those with low handgrip strength. Several previous studies have reported the beneficial effects of exercise for patients with rheumatoid arthritis and diabetes.[@b12-jomes-28-4-271]--[@b15-jomes-28-4-271] Aerobic and anaerobic exercise has been shown to improve physical fitness and the ability to perform activities of daily living and to reduce fatigue and joint pain.[@b12-jomes-28-4-271],[@b13-jomes-28-4-271] Also, a 12-week, upper extremity exercise training program helps improve handgrip strength, disability, function, self-efficacy, and disease activity in patients with rheumatoid arthritis.[@b14-jomes-28-4-271] Speed and Campbell[@b15-jomes-28-4-271] found that patients with rheumatoid arthritis who completed a 12-week, isometric handgrip-strength exercise program improved neural adaptation as measured by magnetic resonance imaging (MRI). Exercise leads to diverse benefits that may prevent chronic disease, including rheumatoid arthritis and diabetes.

The current study demonstrated that older adults with higher handgrip strength had lower rates of rheumatoid arthritis and diabetes. The results of this study coincide with those of previous studies, in which patients with type 2 diabetes mellitus had lower handgrip strength compared with healthy participants.[@b16-jomes-28-4-271] Several studies have reported that diabetes patients exhibit muscle weakness, as measured by manual muscle testing, isokinetic dynamometry, MRI, and handgrip strength.[@b17-jomes-28-4-271]--[@b20-jomes-28-4-271] The diabetic patients had distal muscle weakness that led to symmetrical sensory neuropathy. It has been shown that hand function is an important indicator of rheumatoid arthritis status,[@b21-jomes-28-4-271] and that rheumatoid arthritis patients have a reduction in grip force compared with healthy individuals.[@b22-jomes-28-4-271] Handgrip strength in rheumatoid arthritis patients has also been shown to be associated with quality of life.[@b23-jomes-28-4-271] Previous studies have reported that diabetes is associated with rheumatoid arthritis.[@b24-jomes-28-4-271],[@b25-jomes-28-4-271] Patients with chronic inflammation in rheumatoid arthritis and diabetes show increased levels of CRP and IL-6. However, Simard and Mittleman[@b26-jomes-28-4-271] conducted a cross-sectional study of a limited number of patients with rheumatoid arthritis and reported no association between rheumatoid arthritis and diabetes in American older adults. The current study also failed to find an association between rheumatoid arthritis and diabetes in older Koreans. This was also a cross-sectional study with a relatively small number of older Korean patients with rheumatoid arthritis and diabetes. Thus, a longitudinal study is warranted.

There are several possible mechanisms through which rheumatoid arthritis and diabetes may be related and through which higher handgrip strength reduces the prevalence of rheumatoid arthritis and diabetes. First, microvascular disease and ischemia produce free radical oxygen species that damage cells.[@b27-jomes-28-4-271] Second, advanced glycation end products accumulate in connective tissue, changing the structure and function of the extracellular matrix and affecting the viability of cells.[@b28-jomes-28-4-271] Third, activation of platelets and macrophages by ischemia promotes secretion of several cytokines that result from production of collagen and the process of fibrosis.[@b7-jomes-28-4-271],[@b29-jomes-28-4-271],[@b30-jomes-28-4-271] Rheumatoid disease comorbidities are commonly encountered in patients with diabetes and include diabetic and neuropathic arthropathy, trigger finger, wrist osteoarthritis, adhesion capsulitis, generalized idiopathic skeletal hyperostosis, gouty arthritis, osteoarthritis, or rheumatoid arthritis.[@b30-jomes-28-4-271] However, exercise decreases the detrimental effects of free radical oxygen species and the inflammatory effects of CRP.[@b31-jomes-28-4-271]

This study had limitations. First, as a cross-sectional study, it was not designed to identify causality. It cannot be determined whether handgrip strength is an independent causative factor of rheumatoid arthritis and diabetes or an epiphenomenon of rheumatoid arthritis and diabetes among older adults. Further studies that include longitudinal data are required to confirm causality. Second, physical activity and presence of rheumatoid arthritis and diabetes were self-reported data, while handgrip strength was objectively measured. Self-reported data may result in recall and social desirability biases.

In conclusion, older adults who take part in walking and perform strength and flexibility exercises had higher handgrip strength than older adults who did not participate in such physical activities. As handgrip strength increased, older adults had lower rates of rheumatoid arthritis and diabetes. To improve handgrip strength in older adults, participation in physical activities such as walking and strength and flexibility exercises is required.
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![Amount of physical activity participation, including walking, strength exercise, and flexibility according to the right handgrip strength. Older adults with higher handgrip strength (4th quarter) had higher participating in walking, strength exercise and flexibility in the right hand based on Pearson's chi-square tests (*P*\<0.05) compared with the 1st, 2nd, and 3rd quarters of handgrip.](jomes-28-4-271f1){#f1-jomes-28-4-271}

![Amount of physical activity participation, including walking, strength exercise, and flexibility according to the left handgrip strength. Older adults with higher handgrip strength (4th quarter) had higher participating in walking, strength exercise and flexibility in the left hand based on Pearson's chi-square tests (*P*\<0.05) compared with the 1st, 2nd, and 3rd quarters of handgrip.](jomes-28-4-271f2){#f2-jomes-28-4-271}

###### 

Basic characteristics of participants, including handgrip strength, rheumatoid arthritis, diabetes

  Variable                       Total (n=4,186)   Male (n=1,813)   Female (n=2,373)
  ------------------------------ ----------------- ---------------- ------------------
  Age (yr)                       69.75±0.21        69.02±0.20       70.31±0.22
  Height (cm)                    157.80±0.23       165.54±0.17      151.59±0.23
  Weight (kg)                    60.09±0.22        65.18±0.22       56.12±0.27
  BMI (kg/m^2^)                  24.07±0.06        23.78±0.06       24.30±0.09
  WC (cm)                        84.53±0.16        86.06±0.20       83.34±0.22
  SBP (mmHg)                     126.99±0.39       125.76±0.53      127.94±0.36
  DBP (mmHg)                     72.95±0.25        73.41±0.26       72.59±0.29
  Glucose (mg/dL)                108.24±0.40       110.09±0.62      106.70±0.56
  HbA1c (%)                      6.06±0.01         6.05±0.02        6.06±0.02
  TC (mg/dL)                     188.27±0.50       181.41±0.72      194.00±0.90
  TG (mg/dL)                     141.21±1.51       148.05±1.90      135.49±1.97
  HDL-C (mg/dL)                  48.60±0.17        46.61±0.22       50.27±0.25
  LDL-C (mg/dL)                  112.54±0.71       107.47±0.97      116.93±0.92
  Right handgrip strength (kg)   26.58±0.20        33.67±0.22       20.38±0.18
  Left handgrip strength (kg)    25.45±0.21        32.55±0.20       19.27±0.17
  Rheumatoid arthritis           95 (2.3)          17 (0.9)         78 (3.3)
  Diabetes mellitus              677 (16.2)        320 (17.7)       357 (15.0)

Values are presented as mean±standard deviation or number (%).

BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbA1c, glycosylated hemoglobin; TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.

###### 

Associations between prevalence of rheumatoid arthritis and diabetes and handgrip strength according to sex

  Variable                                                                                                   Rheumatoid arthritis                                               Diabetes mellitus
  --------------------------------------- ------------------------------------------------------------------ ------------------------------------------------------------------ ------------------------------------------------------------------
  Right                                                                                                                                                                         
   1st Quartile (\<19.73 kg)              Male                                                               1                                                                  1
  Female                                  1                                                                  1                                                                  
   2nd Quartile (≥19.73 and \<25.41 kg)   Male                                                               1.88 (5.40--6.53)                                                  0.44 (0.13--1.07)
  Female                                  0.53 (0.24--1.19)                                                  0.79 (0.53--1.16)                                                  
   3rd Quartile (≥25.41 and \<33.38 kg)   Male                                                               0.18 (0.06--0.50)[\*](#tfn4-jomes-28-4-271){ref-type="table-fn"}   0.54 (0.27--1.05)
  Female                                  0.32 (0.15--0.70)[\*](#tfn4-jomes-28-4-271){ref-type="table-fn"}   0.74 (0.50--1.08)                                                  
   4th Quartile (≥33.38 kg)               Male                                                               0.20 (0.08--0.50)[\*](#tfn4-jomes-28-4-271){ref-type="table-fn"}   0.25 (0.12--0.52)[\*](#tfn4-jomes-28-4-271){ref-type="table-fn"}
  Female                                  0.30 (0.12--0.76)[\*](#tfn4-jomes-28-4-271){ref-type="table-fn"}   0.64 (0.42--0.98)[\*](#tfn4-jomes-28-4-271){ref-type="table-fn"}   
                                                                                                                                                                                
  Left                                                                                                                                                                          
   1st Quartile (\<18.83 kg)              Male                                                               1                                                                  1
  Female                                  1                                                                  1                                                                  
   2nd Quartile (≥18.83 and \<24.00 kg)   Male                                                               2.30 (0.90--5.86)                                                  0.71 (0.49--1.05)
  Female                                  0.41 (0.18--0.96)[\*](#tfn4-jomes-28-4-271){ref-type="table-fn"}   0.81 (0.57--1.16)                                                  
   3rd Quartile (≥24.00 and \<32.13 kg)   Male                                                               1.53 (0.38--6.13)                                                  0.40 (0.28--0.58)[\*](#tfn4-jomes-28-4-271){ref-type="table-fn"}
  Female                                  0.16 (0.05--0.52)[\*](#tfn4-jomes-28-4-271){ref-type="table-fn"}   0.67 (0.45--1.00)                                                  
   4th Quartile (≥32.13 kg)               Male                                                               0.65 (0.12--3.60)                                                  0.43 (0.28--0.66)[\*](#tfn4-jomes-28-4-271){ref-type="table-fn"}
  Female                                  0.43 (0.19--0.96)[\*](#tfn4-jomes-28-4-271){ref-type="table-fn"}   0.62 (0.42--0.91)[\*](#tfn4-jomes-28-4-271){ref-type="table-fn"}   

Multivariable logistic regression adjusted for age, sex, smoking, and body mass index.

*P*\<0.05.

CI, confidence interval.
